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LED ILLUMINATING METHOD AND
APPARATUS FOR IMAGE MEASURING
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority under 35 U.S.C.
§119 of Japanese Application No. 2012-253716, filed on Nov.
19,2012, the disclosure of which is expressly incorporated by
reference herein in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to LED illuminating method
and apparatus for an image measuring device. In particular,
the present invention relates to LED illuminating method and
apparatus for an image measuring device, which are suitable
for use in an image measuring device that uses a common
high-brightness LED, and performs low-brightness continu-
ous illumination and high-intensity stroboscopic illumination
or high-brightness continuous illumination, on a measuring
object (hereafter referred to as “work piece”).

2. Description of Related Art

Conventionally, as shown in FIG. 1, a CNC image measur-
ing device performs a measurement of one measuring posi-
tion, by moving a measuring stage with respect to an imaging
device, such as a CCD camera, etc., stopping the measuring
stage at the measuring position, acquiring image information
of'a work piece by adjusting an amount of light of illumina-
tion, and setting a measuring tool to and performing image
processing, such as an edge detection, on the acquired image
information. The measurement is repeatedly performed at all
measuring positions, including measurement 1, measurement
2, and so on, to perform measurement of necessary positions.
Hereinafter, this measuring mode is referred to as a “standard
measuring mode.”

On the other hand, in order to improve a measuring
throughput, an image measuring device is known, which is
provided with a measuring mode in which a measuring opera-
tion is performed without stopping the measuring stage with
respect to the imaging device at the measuring position. Here-
inafter, this measuring mode is referred to as a “non-stop
measuring mode.” See, for example, Japanese Translation of
PCT International Application No. 2004-535587 (paragraphs
[0005]-[0006], FIG. 2). As shown in FIG. 2, this image mea-
suring device performs image measuring by inputting instan-
taneous image information, which is acquired by strobo-
scopically illuminating the work piece or imaging the work
piece with a CCD camera having a shutter, without stopping
the measuring stage at measuring positions. The non-stop
measuring mode has an advantage that a high-speed measur-
ing is realized without substantially degrading measurement
accuracy, by properly setting the relationship between the
moving speed of the stage and the width of the stroboscopic
pulse.

In recent years, an LED having a higher brightness, i.e. a
high-brightness LED, is developed and has become commer-
cially available. Accordingly, the continuous illumination for
the standard measuring mode and the stroboscopic illumina-
tion for the non-stop measuring mode may be realized with
the high-brightness LED.

However, when an LED is continuously lit, e.g., when a
work piece is continuously observed in the standard measur-
ing mode, the high-brightness LED, lit with the rated power,
is too bright. Therefore, the LED must be driven with a small
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power. However, the high-brightness LED has characteristics
that it is stable in high brightness lighting with a large current,
but in low brightness lighting with a small current, a constant
brightness cannot be maintained, the brightness varies with
time, and thus it is unstable. Accordingly, in order to realize
stable low brightness lighting of the high-brightness LED, the
power supplied to the LED is reduced, generally by supplying
a large current during a LED lighting period, but performing
intermittent lighting (pulse lighting).

On the other hand, in the same image measuring device,
when an image is acquired while the work piece is moving in
the non-stop measuring mode, a method is known in which
image data is acquired by performing instantaneous illumi-
nation (referred to as stroboscopic light emission) on the work
piece by high-brightness light, to prevent image blurring.

In this case, in order to acquire an unblurred image, light
emission of the LED requires stroboscopic light having a
short lighting interval. In order to acquire an image with a
high accuracy, the stroboscopic light must be controlled, with
a high degree of accuracy, in such a manner that constant
lighting intervals, a constant light amount (brightness or light
emission period), and so on, are maintained.

However, when an LED is lit intermittently by giving a
command of stroboscopic illumination as shown in FIG. 3B
to a light source of pulse lighting as shown in FIG. 3A, it is
difficult to reproduce a stable lighting period, due to the
difference in cycle between the lighting interval of strobo-
scopic light emission and the intermittent lighting of pulsed
light emission, as shown in FIG. 3C.

A low-brightness LED and a high-brightness LED may be
used respectively for continuous illumination and strobo-
scopic illumination. However, this is not desirable, since the
number of optical components increases.

On the other hand, Japanese Patent Application Publication
No. 2006-135297 discloses an LED that switches driving
current. In Japanese Patent Application Publication No.
2006-135297, when a target value of the amount of light
emission is equal to or lower than a predetermined value, a
PWM control is performed in which a driving current value is
maintained constant at the best current value, and ON and
OFF of the driving current is controlled. On the other hand,
when the target value of the amount of light emission is higher
than the predetermined value, a current value control is per-
formed that changes the continuously supplied driving cur-
rent value.

However, Japanese Patent Application Publication No.
2006-135297 only discloses a technology that drives an LED
with improved luminance efficiency, and does not relate to a
technology that switches between continuous illumination
and stroboscopic illumination, as disclosed in the present
application.

SUMMARY OF THE INVENTION

In view the above circumstances, LED illuminating
method and apparatus are provided which use a common
high-brightness LED to implement both low brightness con-
tinuous illumination, and stroboscopic illumination or con-
tinuous illumination with high brightness.

An aspect of the present invention provides an LED illu-
minating method of an image measuring device that per-
forms, on a work piece to be measured, low brightness con-
tinuous illumination and one of stroboscopic illumination and
continuous illumination with changing high brightness. The
method includes switching driving circuits of a common
high-brightness LED, between pseudo-continuous illumina-
tion, in which average brightness light incident on the work
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piece is reduced by pulse lighting, and one of stroboscopic
illumination, in which high-brightness light is emitted instan-
taneously on the work piece, and continuous illumination of
the work piece. The high-brightness light may be light inci-
dent on the work piece having a brightness higher than the
average brightness incident on the work piece. The low
brightness light may be light incident on the work piece
having a brightness lower than the average brightness inci-
dent on the work piece.

The switching between the pseudo-continuous illumina-
tion and one of the stroboscopic illumination and the continu-
ous illumination may be performed by changing a lighting
cycle of the high-brightness LED.

In another aspect of the present invention, an LED illumi-
nating apparatus for an image measuring device is provided
that performs, on a work piece to be measured, low-bright-
ness continuous illumination and one of stroboscopic illumi-
nation and continuous illumination with high brightness. The
LED illuminating apparatus includes a common high-bright-
ness LED; a pulse lighting circuit that performs pseudo-
continuous illumination, in which brightness is reduced by
pulse lighting; one of a stroboscopic lighting circuit and a
continuous lighting circuit. The stroboscopic lighting circuit
performs stroboscopic illumination, in which high brightness
light is emitted instantaneously. The LED illuminating appa-
ratus further includes a switch that switches between the
pulse lighting circuit and the one of the stroboscopic lighting
circuit and the continuous lighting circuit.

The pulse lighting circuit, the one of the stroboscopic light-
ing circuit and the continuous lighting circuit, and the switch
may be configured by a continuous lighting circuit and a
lighting cycle changing circuit that switches the pseudo-con-
tinuous illumination and the one of the stroboscopic illumi-
nation and the continuous illumination by changing a lighting
cycle of the high-brightness LED.

According to the features of the present invention, when an
image is acquired while a work piece is moving, stroboscopic
light having an accurate brightness, timing and lighting
period of LED illumination can be provided. Thus, an accu-
rate image can be acquired. Further, when the image measur-
ing apparatus performs continuous observation with low
brightness illumination, highly-efficient and stable continu-
ous light can be provided.

Accordingly, it is possible to realize both of stroboscopic
illumination with high accuracy and high stability to acquire
an image with stroboscopic light or high brightness continu-
ous illumination, and stable low brightness continuous illu-
mination.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is further described in the detailed
description which follows, in reference to the noted plurality
of drawings by way of non-limiting examples of exemplary
embodiments of the present invention, in which like reference
numerals represent similar parts throughout the several views
of the drawings, and wherein:

FIG. 1 shows a measuring state of conventional continuous
lighting;

FIG. 2 is shows a measuring state of conventional strobo-
scopic lighting;

FIGS. 3A-3D are timing diagrams illustrating a phenom-
enon which occurs in a high-brightness LED;

FIG. 4 is a perspective view illustrating an entire configu-
ration of an image measuring system employed in an embodi-
ment of the present invention;
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FIG. 5 is a block diagram illustrating functional blocks of
acomputer according to the embodiment of the present inven-
tion;

FIG. 6 is a flowchart illustrating a measuring process in a
standard measuring mode according to the embodiments of
the present invention;

FIG. 7 is a flowchart illustrating a measuring process in a
non-stop measuring mode according to the embodiments of
the present invention;

FIG. 8 is a block diagram illustrating an illumination cir-
cuit according to a first embodiment of the present invention;
and

FIG. 9 is a block diagram illustrating an illumination cir-
cuit according a second embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The particulars shown herein are by way of example and
for purposes of illustrative discussion of the embodiments of
the present invention only and are presented in the cause of
providing what is believed to be the most useful and readily
understood description of the principles and conceptual
aspects of the present invention. In this regard, no attempt is
made to show structural details of the present invention in
more detail than is necessary for the fundamental understand-
ing of the present invention, the description is taken with the
drawings making apparent to those skilled in the art how the
forms of the present invention may be embodied in practice.

The embodiments of the present invention will be
described hereinafter with reference to the drawings.

FIG. 4 is a perspective view illustrating an entire configu-
ration of an image measuring system according to an embodi-
ment of the present invention. This system includes a non-
contact image measuring device 1, a computer system 2 that
drives and controls the image measuring device 1 and per-
forms necessary data processing, and a printer 3 that prints a
measured result.

The image measuring device 1 is configured as follows. In
other words, a measuring stage 13 is attached on a mount 11
on which a measuring object (hereinafter, referred to as work
piece) is placed. The measuring stage 13 is driven in a Y-axis
direction (front-back direction of the drawing) by a not-
shown Y-axis driving mechanism. Support arms 14 and 15,
which extend upward, are fixed at a center of both sides
(edges) of the mount 11. An X-axis guide 16 is attached to
connect upper end portions of the support arms 14 and 15. An
imaging unit 17 is supported by the X-axis guide 16. The
imaging unit 17 is driven in an X-axis direction (horizontal
direction in the drawing) along the X-axis guide 16 by a
not-shown X-axis driving mechanism. A CCD camera 18 is
mounted at a lower end of the imaging unit 17 so as to face the
measuring stage 13. Further, in the imaging unit 17, in addi-
tion to not-shown illuminating device and focusing mecha-
nism, a not-shown Z-axis driving mechanism is provided that
moves the position of the CCD camera 18 in a Z-axis direction
(vertical direction in the drawing).

The computer system 2 is configured to include a computer
body 21, a keyboard 22, a joystick box 23, a mouse 24 and a
display device (e.g., CRT) 25. The computer body 21 imple-
ments each of the functions, for example, shown in FIG. 5, in
cooperation with a predetermined program stored therein.

In other words, the computer body 21 includes a stage
moving processor 31, an illumination adjusting processor 32
and a miscellaneous measuring condition adjusting processor
33, to control the image measuring device 1 based on the input
commands from an input device, including the keyboard 22,
the joystick box 23, the mouse 24, and so on. The stage
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moving processor 31 controls the XY Z-axis driving mecha-
nisms of the image measuring device 1 based on a stage
moving command input from the input device, and moves the
position of the CCD camera 18 with respect to the measuring
stage 13.

In the standard measuring mode, the illumination adjusting
processor 32 causes the illuminating apparatus of the image
measuring device 1 to repeatedly perform pulse lighting at
predetermined cycles as shown in FIG. 3A, and adjusts the
pulse width of the pulse lighting based on an illumination
adjusting command input from the input device. In the non-
stop measuring mode, the illumination adjusting processor 32
performs stroboscopic illumination of a preset duration at a
designated measuring position, as shown in FIG. 3D.

The miscellaneous measuring condition adjusting proces-
sor 33 adjusts other measuring conditions, including a lens
magnification, a focusing adjustment, and so on, based on an
input miscellaneous measuring condition adjusting com-
mand.

A parameter acquirer 34 acquires the stage position, the
pulse width information of the stroboscopic illumination, and
the other measuring condition information adjusted by each
of'the processors 31-33, based on a predetermined command
input by the input device. The parameters acquired by the
parameter acquirer 34 are stored in a parameter memory 35. A
part program generator 36 generates a part program for mea-
surement, by utilizing the parameters stored in the parameter
memory 35. The generated part program is stored in a part
program memory 37.

A part program processor 38 reads a necessary part pro-
gram from the part program memory 37 and performs the
same. The part program processor 38 appropriately drives the
stage moving processor 31, the illumination adjusting pro-
cessor 32, the miscellaneous measuring condition adjusting
processor 33, an image acquirer 42, and an image processor
43, in accordance with a variety of commands described in the
part program. The image information imaged by the CCD
camera 18 is sequentially stored in an image memory 41. The
image information stored in the image memory 41 is sequen-
tially displayed by the display device 25, and is captured as a
static image by the image acquirer 42 based on the part
program. The image processor 43 performs image processing
for an image measurement, including measuring tool setting,
edge detection and coordinate detection, and so on, on the
image information acquired by the image acquirer 42.

Next, a measuring operation of the image measuring sys-
tem configured as noted above is described, according to the
embodiment of the present invention.

FIG. 6 is a flowchart illustrating an image measuring pro-
cess in the standard measuring mode. As shown in FIG. 6,
during the image measuring in the standard measuring mode,
the measurement is performed as follows. In other words,
moving/stopping of the measuring stage, illumination setting,
image acquiring and image processing are sequentially per-
formed for each measuring element. After the measurement
of the position is completed, the system moves to the next
measuring position and performs similar processing. Thus,
during the image measuring in the standard measuring mode,
the measurement is completed at each element (for example,
point measurement 1, point measurement 2, . . . ).

On the other hand, during the non-stop measuring mode, as
shown in FIG. 7, a measuring process is divided into a non-
stop image acquisition and image processing. In the non-stop
image acquisition, while the relative position between the
measuring stage 13 and the CCD camera 18 moves along a
measuring path that passes each measuring position, the stro-
boscopic illumination and image acquisition (and storing) are
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performed at moment of passing by the measuring position,
continuously at all measuring positions. When all image
acquisitions are completed, the stage is stopped and image
processing is performed. In the image processing, the
acquired and temporarily stored image information is read
one by one, and image processing, such as edge detection, is
performed continuously for all measuring positions. In the
non-stop measuring mode, unlike the standard measuring
mode, it is not necessary to confirm that the stage has stopped
at each measuring position. Accordingly, the measuring
operation can be accelerated.

In the first embodiment of the present invention, the illu-
mination control device 50 includes a light amount control
circuit 52, a pulse lighting circuit 54, a continuous lighting
circuit 56 and a gate circuit 58, as shown in FIG. 8. The
illumination control device 50 drives the high-brightness
LED 60 based on acommand from the illumination adjusting
processor 32 of the computer system 2, which is a upper level
controller. The pulse lighting circuit 54 performs pulse light-
ing of the high-brightness LED 60. The continuous lighting
circuit 56 and the gate circuit 58 together perform strobo-
scopic lighting of the same high-brightness LED 60.

The light amount control circuit 52 receives a pulse light-
ing command and a stroboscopic lighting command from the
illumination adjusting processor 32, supplies to the pulse
lighting circuit 54 a control signal, including a pulse width, a
cycle length, an output voltage/current, etc., which is required
by the pulse lighting circuit 54 during the pulse lighting. The
light amount control circuit 52 also supplies, to the continu-
ous lighting circuit 56 and the gate circuit 58, a control signal,
including a stroboscopic lighting time, a lighting interval, an
output voltage/current, etc., which is required by the continu-
ous lighting circuit 56 and the gate circuit 58 during the
stroboscopic lighting. Further, the light amount control cir-
cuit 52 switches the driving power supplied to the high-
brightness LED 60, depending on the purpose of the LED
illumination, by turning on one of the pulse lighting circuit 54
and the pair of the continuous lighting circuit 56 and the gate
circuit 58, and turning off the other, based on a command
from the illumination adjusting processor 32.

According to this embodiment, the pulse lighting circuit
54, which is optimized for the pulse lighting, is provided
separately and independently from the continuous lighting
circuit 56, which is optimized for the continuous lighting.
Therefore, it is possible to perform optimum lighting for each
of them.

Next, FIG. 9 shows the illumination control device 50
according a second embodiment of the present invention.

In this embodiment, a lighting cycle changing circuit 70 is
provided at an output side of the continuous lighting circuit
56, which is common to the pulse lighting and the strobo-
scopic lighting. Thus, the pulse lighting and the stroboscopic
lighting are performed by changing the lighting cycle of the
lighting cycle changing circuit 70 based on an output of the
light amount control circuit 52.

According to this embodiment, it is not necessary to pro-
vide the pulse lighting circuit separately and independently
from the stroboscopic lighting circuit. Accordingly, the con-
figuration is simple and inexpensive.

Further, according to this embodiment, the gate circuit 58
is provided in the illumination control device 50 to perform
stroboscopic light emission. However, when a static image is
acquired by a shutter of the CCD camera 18, the gate circuit
58 may be omitted, and the continuous lighting circuit 56
causes the high-brightness LED 60 light continuously during
the non-stop measuring mode.
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It is noted that the foregoing examples have been provided
merely for the purpose of explanation and are in no way to be
construed as limiting of the present invention. While the
present invention has been described with reference to exem-
plary embodiments, it is understood that the words which
have been used herein are words of description and illustra-
tion, rather than words of limitation. Changes may be made,
within the purview of the appended claims, as presently stated
and as amended, without departing from the scope and spirit
of the present invention in its aspects. Although the present
invention has been described herein with reference to particu-
lar structures, materials and embodiments, the present inven-
tion is not intended to be limited to the particulars disclosed
herein; rather, the present invention extends to all functionally
equivalent structures, methods and uses, such as are within
the scope of the appended claims.

The present invention is not limited to the above described
embodiments, and various variations and modifications may
be possible without departing from the scope of the present
invention.

What is claimed is:

1. An LED illuminating method of an image measuring
device that performs, on a work piece to be measured, low
brightness continuous illumination and one of stroboscopic
illumination and continuous illumination with high bright-
ness, the method comprising:

switching driving circuits of a common high-brightness

LED, between pseudo-continuous illumination, in
which an average brightness is reduced by pulse light-
ing, and one of stroboscopic illumination, in which high-
brightness light is emitted instantaneously, and continu-
ous illumination.

2. The LED illuminating method of the image measuring
device according to claim 1, wherein the switching between
the pseudo-continuous illumination and one of the strobo-
scopic illumination and the continuous illumination com-
prises changing a lighting cycle of the high-brightness LED.

3. The LED illumination method according to claim 1,
wherein the switching utilizes continuous illumination when
the work piece is stationary, and utilizes pulse lighting when
the work piece is moving.
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4. The LED illumination method according to claim 1,
further comprising illuminating the entire work piece with a
single illumination mode of either pulse lighting or continu-
ous illumination.

5. An LED illuminating apparatus for an image measuring
device that performs, on a work piece to be measured, low-
brightness continuous illumination and one of stroboscopic
illumination and continuous illumination with high bright-
ness, the LED illuminating apparatus comprising:

a high-brightness LED;

a pulse lighting circuit configured to perform pseudo-con-
tinuous illumination, in which brightness is reduced by
pulse lighting;

one of a stroboscopic lighting circuit and a continuous
lighting circuit, the stroboscopic lighting circuit config-
ured to perform stroboscopic illumination, in which
high brightness light is emitted instantaneously; and

a switch that is switchable between the pulse lighting cir-
cuit and the one of the stroboscopic lighting circuit and
the continuous lighting circuit.

6. The LED illuminating apparatus for the image measur-
ing device according to claim 5, wherein the pulse lighting
circuit, the one of the stroboscopic lighting circuit and the
continuous lighting circuit, and the switch comprise a con-
tinuous lighting circuit and a lighting cycle changing circuit
switchable between the pseudo-continuous illumination and
the one of the stroboscopic illumination and the continuous
illumination by changing a lighting cycle of the high-bright-
ness LED.

7. The LED illuminating apparatus according to claim 5,
wherein the switch switches to the continuous lighting circuit
when the work piece is stationary and switches to the pulse
lighting circuit when the work piece is moving.

8. The LED illuminating apparatus according to claim 5,
wherein the switch is configured to illuminate the entire work
piece according to one of the pulse lighting circuit and the
continuous lighting circuit.
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